
review article 71

Exogenous Intake  
of Fluorides in Caries Prevention:  
Benefits and Risks

Romana Koberová Ivančaková1, Vladimíra Radochová1,*, Flóra Kovácsová1, Vlasta Merglová2

ABSTRACT
Caries incidence and prevalence have decreased significantly over the last few decades due to widespread use of fluoride. However, an 
increase in the prevalence of dental fluorosis has been reported in both fluoridated and non-fluoridated communities. Care must be taken 
to ensure that a balance between the optimal fluoride preventive effect at the individual and community level and minimal risk of dental 
fluorosis is maintained. This review describes the main sources of fluoride intake that have been identified: fluoridated drinking water, 
dietary fluoride supplement, and topical forms comprising toothpastes, rinses, gels and varnishes. The cited data were taken from meta-
analytic studies and reports from Cochrane database systematic reviews up to December 2019. Efficiency, but safety, of topically applied 
fluorides in individual home care is dependent on the degree of compliance of individuals/parents and on the level of competence of 
providers of preventive counselling. The broad spectrum of these resources allows individualization of fluoride prevention based on risk 
analysis of caries attack and taking into consideration other preventive measures.
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INTRODUCTION

For over 60 years, dental professionals have been attempt-
ing to control caries with fluoride and its various inorgan-
ic and organic compounds (1). In the middle of the 20th 
century, it was believed that fluoride had to be incorporat-
ed into dental enamel during pre-eruptive stage of devel-
opment to achieve its maximum protective effect. Inges-
tion of fluoride in the early years of life was considered 
essential for a full range of fluoride benefits to be achieved. 
It was assumed that incorporation of fluoride in the hy-
droxyapatite crystal during tooth formation and mineral-
ization resulted in a permanent or long-lasting resistance 
to dental caries (2). However, it has been found that the 
fluoride-rich surface layer of the enamel, which was a re-
sult of systemic fluoride administration, was gradually lost 
because of insufficient post-eruptive maturation of enam-
el surface, and was unable to keep significant long-lasting 
protection against caries (3).

The recent view of our understanding of how fluoride 
works has been changed. The evidence suggests that the 
cariostatic effect of fluoride is mostly by its topical rather 
than systemic effect (3). This effect might be even greater 
when combined with tooth brushing with fluoride tooth-
pastes. Based on both in vitro and in vivo studies it has 
been demonstrated that fluoride has a direct topical influ-
ence on the dynamic de- and re-mineralization processes 
that occur at the interface between the tooth surface and 
the adjacent dental biofilm (4).

FLUORIDE BENEFITS AND CONCERNS

Fluoride appears to provide its benefit when present at 
the plaque fluid during the caries challenge. Its effec-
tiveness depends on how frequently it is administered in 
the oral cavity, and the mechanism of fluoride’s topical 
anti-caries effect depends on the mode of application, 
its chemical formulation and, especially its concentra-
tion. Our current understanding of how fluoride affects 
tooth mineral and makes it more resistant in acidic en-
vironment has been reviewed extensively (5–7). The 
mechanism of action of fluoride includes the inhibition 
of demineralization on crystal surface, enhancement of 
remineralization on crystal surface, and inhibition of 
bacterial activity (8).

The concept of the topical application of fluorides be-
came widely accepted as a key factor in successful caries 
prevention without significant ingestion of fluoride. Flu-
orides are also effective as therapeutic agents in non-in-
vasive caries treatment for the inactivation or arrest of 
caries lesion (9, 10).

The concerns about the prevalence of dental fluorosis 
considered as the most frequently discussed risk of im-
plementation of fluoride, has mostly been related to the 
use of fluoride supplements, especially during the first 
6 years of life (11). Early exposure to fluoride toothpaste 
might also be a risk factor due to ingestion of toothpaste 
by small children (12, 13). The most important risk fac-
tor for dental fluorosis is the total amount of  fluoride 
consumed from all sources during the critical period 

of tooth development. This critical period is the late se-
cretion-early maturation stage of  pre-eruptive dental 
enamel (13, 14).

WHICH INDIVIDUALS ARE AT RISK?

Small children under the age of 4 years are considered 
to be at risk of dental fluorosis of permanent incisors 
and permanent first molars. This period of life is known 
as the period of calcification and maturation of these 
teeth (15). The longitudinal Iowa study found that expo-
sure to fluoride during the first 3 years of life was the 
most important for fluorosis development on the per-
manent maxillary incisors (16). The use of fluoride must 
be therefore carefully monitored and balanced. The 
prevention of early childhood caries on one hand and 
minimize the risk of dental fluorosis on the other hand 
should always been considered. The amount of fluoride 
intake from all potential sources has been calculated as  
0.05–0.07 mg F/body weight/day as an optimal intake of 
fluoride, safe with respect of mild form of dental fluorosis 
and effective enough in caries prevention (15, 17, 18). Spe-
cial attention should be given to the use of topically ap-
plied fluoride gels and solution, because of the inadequate 
control of the swallowing.

In pre-school children up to 6 years may develop den-
tal fluorosis of posterior teeth (premolars and second mo-
lar). Nevertheless, it presents less of an aesthetic problem, 
which needs to be weighed against the marked benefit of 
fluorides in caries prevention of primary and young per-
manent teeth. The risk of dental fluorosis in school chil-
dren older than 6 years is very small (19).

SOURCES OF FLUORIDE INTAKE

Concern about dental fluorosis and its potential impact on 
quality of life should be taken into consideration. There-
fore, all forms of fluoride intake from all sources should be 
calculated, especially in children. Fluoride prevention and 
prophylaxis against dental caries is commonly divided to 
topical and systemic. Topical agents as fluoridated tooth-
paste, fluoride gels, solutions and varnishes, are applied 
onto to enamel surface of erupted teeth. Systemic appli-
cation (water, milk, salt, supplements) of fluorides brings 
fluoride compounds to GIT, where they are absorbed and 
in blood way they get into hard dental tissues of develop-
ing teeth. The less amount of fluoride gets into saliva and 
oral environment. Topically applied fluorides can be unin-
tentionally swallowed and therefore increase the alimen-
tary ingested fluorides.

FLUORIDATED DRINKING WATER
Community water fluoridation (CWF) was introduced 
over 70 years ago as a public health measure to prevent 
and control caries at a population level. A great advantage 
of CWF it that it benefits all residents in a  community, 
regardless age, socio-economic status, education, oral hy-
giene practice or access to routine dental care (8). CWF is 
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also a cost-effective method of delivering caries preven-
tion to a large population (20). The fluoride concentration 
of water in CWF programs typically ranges from 0.5 to  
1.1  mg L−1 (ppm F). A  recent Cochrane review estimated 
that the initiation of CWF reduced caries levels by 35% 
in the primary dentition and 26% in the permanent den-
tition of children. The review also found that CWF led to 
a 15% increase of children with caries-free primary teeth 
and a 14% increase of children with caries-free permanent 
teeth, compared to children without water fluoridation 
(21). CWF has its place in economic disadvantaged com-
munities with low level of health literacy. After all, fluori-
dated water is nowadays consumed by a half of billions of 
people worldwide (21).

Several recent reviews on the impact of fluoridated 
water on human health have been published (21–23). 
Positive effect of CWF is significant also when combined 
with other forms of fluoridation. No reliable evidence for 
any health risk associated with the use of fluoridated wa-
ter at the recommended level was found. The mild form 
of dental fluorosis is the only unwanted effect associat-
ed with CWF. The Cochrane review of water fluoridation 
estimated the 12% prevalence of dental fluorosis of aes-
thetic concern at fluoride levels of 0.7 mg L−1 (ppm F) in 
drinking water (21).

There is the evidence of increasing consumption of 
bottled drinking water during the last two decades in form 
of spring water or mineral water. Alimentary consumed 
water in any form represents almost 80% of alimentary 
ingested fluoride (24). Some of mineral waters contain flu-
oride in similar concentration as recommended amount 
of fluoride in CWF and therefore this source of fluoride 
should be considered as a significant alimentary fluoride 
intake.

FLUORIDATED MILK
Milk fluoridation has been reported to be successful 
in dental caries prevention, particularly in children as 
a community preventive programs in form of milk snacks 
(23, 25). This community measure is supported by WHO 
in all global documents focused on caries prevention 
(26). The fluoridated milk is distributed in 200 ml packs 
containing 5 ppm fluoride, what corresponds to 1 mg of 
fluoride in the pack. The effect of fluoridated milk has 
been evaluated on the groups of children in Great Brit-
ain, Hungary, China, Peru and Thailand. The results of 
the meta-analytic study from these countries published 
in Cochran review reported 43–85% reduction of caries 
incidence in permanent dentition, but less significant 
results in primary dentition (27). Repeated studies on 
Bulgarian children have confirmed 40% caries reduction 
in primary dentition when the beginning of fluoridated 
milk consumption was at 3–3.5 years. Additionally, these 
studies have found the comparable effect of  fluoridat-
ed milk with fluoridated water if  number of daily dos-
es exceeds 160 per year (28). Recently fluoridated milk 
is extensively used in Russian Federation, Great Britain, 
China and Bulgaria. The administration of fluoridated 
milk in children older than 3 years of age is regarded 
as the safe preventive method from the point of  view 

of its ratio on total alimentary fluoride intake (26). No 
potential adverse effect of  fluoridated milk was found 
(27). A high concentration of fluoride in milk (5 mg L−1) is 
needed for two reasons: children did not drink the bev-
erage throughout the day and calcium in the milk com-
plexes with fluoride, which would reduce its availability 
for topical benefit (27).

FLUORIDATED SALT
Fluoridated salt was firstly introduced in Switzerland in 
the middle of the last century on the basis of good expe-
rience with iodized salt. The number of successful clin-
ical studies resulted in recommendation of fluoridated 
salt as the systemic forms of caries prevention (29), (30). 
The fluoride content in salt varies from 250–350 mg F/kg  
in most countries, where this method was approved for 
the individual home use. The meta-analytic studies in 
school children lasting more than three years reported 
the significant caries decline in permanent dentition 
compared to control (non-fluoridated salt group) with 
Odds ratio from −2.13 to −4.22 (31, 32). The effect of fluo-
ridated salt on primary dentition in pre-school children 
is not significant. The concern of excessive alimentary 
intake of  fluoride from salt with the combination of 
other forms of  systemic administration of  fluorides is 
low in the view of  the fact that recent dietary advice 
lead to minimize the exposure to salt from diet in small 
children (33).

FLUORIDE SUPPLEMENTS  
(TABLETS, LOZENGES AND DROPS)
Fluoride supplements were first introduced to provide 
systemic fluoride in areas where water fluoridation was 
not available. Supplements contain a measured amount of 
fluoride, typically 0.25 mg, 0.5 mg, or 1.0 mg, usually as 
sodium fluoride, acidulated phosphate fluoride, potassi-
um fluoride, or calcium fluoride (34). There are few data 
on the extent to which these products are used, but they 
are known to have widespread use as a caries preventive 
for children. The post-eruptive efficacy of fluoride supple-
ments has been demonstrated in school children, though 
the original rationale for their use, i.e. pre-eruptive uptake 
by developing enamel to form a more resistant tooth is no 
longer tenable. Additionally, when using them, care should 
be taken that the products have sufficient substantive top-
ical effect in oral cavity (34). The recommendation of use 
of fluoride supplements varies from country to country. 
The most of experts has very restrained view on fluoride 
supplements and they recommend this form of caries pre-
ventive method in children older than three years of age 
with high caries risk because of risk of dental fluorosis 
and low parental compliance in regular, daily administra-
tion of the supplements (35, 36). The systematic reviews 
published by Ismail AI, 2008 evaluated the results of 20 
longitudinal studies. They concluded the effect of fluoride 
tablets in the reduction of caries incidence in permanent 
dentition up to 43% but with the mild risk of dental fluo-
rosis (OR 1.8–2.2). The preventive effect of fluoride supple-
ments in primary dentition is still controversial because of 
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low level of evidence and confirmed risk of dental fluorosis 
in permanent dentition (11). The results from the panel of 
experts, entitled “European view of fluoride supplementa-
tion” reached the consensus on the necessity 1) to indicate 
fluorides supplements administration strictly to the back 
ground fluoride intake from food and beverages, 2) to start 
with fluoride supplementation (if necessary) at the age of 
3 years, 3) to take fluoride supplementation by no means 
as a wide spread preventive measure (34).

FLUORIDE TOOTHPASTE
Fluoride toothpastes were introduced in the late 1960s and 
early 1970s and their rapid and remarkable increase on the 
market share was followed by massive reduction in den-
tal caries seen in many countries over the past 40 years 
(37). Tooth brushing with fluoride toothpaste is close to an 
ideal public health method being convenient, inexpensive, 
culturally approved and widespread. Within the meaning 
of fluoride caries prevention, tooth paste is understood as 
a carrier of fluoride which increasing the fluoride concen-
tration in oral cavity during the tooth brushing, increasing 
the overall amount of fluoride in oral environment what 
leads to enhancing remineralization, inhibiting demin-
eralization and some metabolic processes of oral bacteria 
(38). The number of systematic reviews confirmed the 
positive effect of fluoride toothpaste in the last decades 
(38–43). The systematic review of Twetman reported the 
24% decline of caries incidence in children (39). The me-
ta-analytic study of 76 published randomized studies in 
children and adolescents published by Walsh et al. 2010 
confirmed the 19–27% increasing caries reduction with 
the arising fluoride concentration in the tooth pastes (43). 
There is a substantial concern that small children during 
the tooth brushing with fluoride tooth paste swallow some 
paste with a  subsequent risk of fluorosis (41). Fluoride 
toothpaste may be responsible for up to 80% of the “opti-
mal” total daily intake of fluoride in children below 3 years 
of age (44). Therefore, parents must be strongly advised to 
assist and supervise tooth brushing until at least 7 years 
of age. The amount of tooth paste applied onto the tooth 
brush must be age-related and parents of pre-school chil-
dren should not allow them to do it alone. There is a little 
evidence of effectiveness of the toothpaste with fluoride 
concentration less than 1000 ppm F in caries prevention 
in older pre-school (4–5 years) and school children partic-
ularly in those in caries risk (43). The recommended fluo-
ride concentration in tooth pastes is presented in table 1.

FLUORIDE GELS, RINSES, VARNISHES
Except of tooth pastes, other topically applied agents are 
considered effective especially in children at high car-
ies risk, including children with special oral health care 
needs or under orthodontic treatment particularly when 
permanent teeth start to erupt. Fluoride rinses recently 
recommended as the supplementary measure in caries 
prevention contain 200–900 ppm fluoride in form of so-
dium fluoride or aminfluoride. The lower concentration, 
usually 225–250 ppm fluoride is recommended for daily 
use, those with 900 ppm fluoride are used weekly, in car-
ies risk children older than 8 years of age. Children are 
advised to use them after the tooth brushing to prolong 
the increased amount of fluoride in oral cavity. They are 
not recommended in children below 6 years of age because 
of risk of swallowing what may lead to increased fluoride 
plasma levels and mild risk of dental fluorosis. The several 
meta-analytic studies have been reported and the effect 
of fluoride rinses have been clinically studied (44–46). 
Twetman et al., 2004 evaluated the data from 24 studies 
and found the 29% reduction of caries increment both in 
case of daily rinse containing 225 ppm fluoride and week-
ly rinse containing 900 ppm fluoride (47). It can be con-
cluded that rinses are reported as effective in permanent 
teeth (20–50% caries reduction) but no data are available 
in primary teeth (45). Fluoride gels in caries prevention 
are used more than 50 years. Formerly they were used for 
professional application in dental office, recently are also 
recommended for home use as 2% sodium fluoride, 1.23% 
acidulated fluorophosphates and combination of 0.25% 
aminfluoride + 1% sodium fluoride. Several meta-analyt-
ic studies have confirmed their preventive effect in per-
manent dentition ranging from 28–37% in reduction of 
caries increment (46, 48, 49). The effect of gels in primary 
teeth is uncertain. Especially, in pre-school children, the 
risk of ingestion and subsequent dental fluorosis should 
be weighed against the potential caries-preventive ben-
efit. Fluoride varnishes contain 1–5% sodium fluoride  
(22,600 ppm F) as resin or synthetic formula. They are for 
professional use only. Varnish as the only high fluoride 
topical agent can be used in both pre-school and school 
children with the caries reduction 50–70% (50). They are 
applied on clean and dry enamel surface 3–4 per year par-
ticularly in high caries risk children. They serve also as the 
prophylactic agent in initial subsurface lesions (9). There 
is a moderate evidence of its efficacy with minimal risk of 
dental fluorosis, because once it sets to hard, it cannot be 
swallowed (44).

Tab. 1 Recommended use of fluoride toothpaste in children.

Age of the child Fluoride concentration (ppm F) Frequency Amount of toothpaste (g) Size
First tooth up to 2 years 1000 Twice daily 0.125 Grain of rise

2–6 years 1000* Twice daily 0.25 Pea
Over 6 years 1450 Twice daily 0.5–1.0 Up to full length of the brush

* In caries risk children 1000+ ppm F is recommended based on the caries risk assessment.

Adopted from: (19)
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CONCLUSIONS

This literature review presents the evidences supporting 
the current strategy of fluoride use in caries prevention 
and its potential risk, particularly in children. Where flu-
oride is used in conjunction with other fluoride vehicles, 
the cumulative fluoride exposure must be taken into con-
sideration for children less than 6 years of age. Care must 
be taken to ensure that a balance between the optimal pre-
ventive effect and minimal risk of dental fluorosis is main-
tained. On the other hand the recent recommendations of 
fluoride use are as safe as can be, but dependent on the 
degree of compliance of individuals, respectively parents 
of children and on the level of competence of providers 
of preventive counselling. The broad spectrum of these 
resources allows individualization of fluoride prevention 
based on risk analysis of caries attack and taking into con-
sideration other preventive measures.

Based on the scientific evidence and current literature 
data, authors strongly support the recommended use of 
fluoride in paediatric population and adopt them by both 
paediatric and paediatric dentistry community.
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